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(57) Abstract 

Methods and means for the construction 
of strains of yeast capable of producing cellulo- 
lytic enzymes. This is achieved by the transfer of 
chromosomal genes or cDNA copies of mRNAs 
coding for cellulolytic enzymes isolated from the 
fungus Trichoderma reesei to yeast cells using 
recombinant DNA vectors capable of replicat- 
ing in yeast The correct expression of these cel- 
lulolytic genes in yeast leads to the production of 
cellulolytic enzymes which are secreted from the 
cell. This allows the yeast to hydrolyse |M,4-glu- 
can substrates such as cellulose. 



Hind III 



\ /PstI 
/ZSall/AccI/Hlncn 

tern 




8glII/Hincn 

..CCAAAAGATCAACCGCGGACTGGCATCATG. 

-JL ^ mat 

PGK PROMOTER CBH 1 5* 



C8H 1 3 FLANKING 



K TERMINATOR 



BEST AVAILABLE COPY 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international appli- 



cations under the PCT. 










AT Austria 


GA 


Gabon 


MR 


Mauritania 


AU Australia 


GB 


United Kingdom 


MW 


Malawi 


BB Barbados 


HU 


Hungary 


NL 


Netherlands 


BE Belgium 


IT 


Italy 


NO 


Norway 


BG Bulgaria 


JP 


Japan 


RO 


Romania 


BR Brazil 


BP 


Democratic People's Republic 


SD 


Sudan 


CF Central African Republic 




of Korea 


SE 


Sweden 


CG Congo 


KR 


Republic of Korea 


SN 


Senegal 


CH Switzerland 


LI 


Liechtenstein 


SU 


Soviet Union 


CM Cameroon 


LK 


Sri Lanka 


TD 


Chad 


DE Germany, Federal Republic of 


LU 


Luxembourg 


TG 


Togo 


DK Denmark 


MC 


Monaco 


US 


United States of America 


FI Finland 


MG 


Madagascar 






FR France 


ML 


Mali 







™. PCT/FI85/00039 

WO 85/04672 — ' 



YEAST STRAINS PRODUCING CELLULOLYT I C ENZYMES AND METHODS AND 
MEANS FOR CONSTRUCTING THEM 

BACKGROUND OF THE INVENTION 

Three different classes of enzymatic activity have been shown 
to be required for the complete hydrolysis of cellulose to 
glucose. The two major activities involved in cellulose solu- 
bilization are endoglucanase (EC 3.2.1.4) and cellobiohydrolase 
(EC 3.2.1.91) (1, 2). For the production of glucose a third 
type of activity, cellobiase or B-glucosidase (EC 3.2.1.21) is 
also required. The precise manner in which these three different 
classes of enzyme interact to bring about the complete hydro- 
lysis of cellulose is not yet clear. 

Same filamentous fungi produce a number of different isoenzymes 
of each class of cellulolytic enzyme which apparently interact 
synergistically in hydrolysis (3, 4, 5, 6). 

Trichoderma has been shown to produce at least two immunologi- 
cally distinct cellobiohydrolases CBH I and CBH II, at least 2 
endoglucanases, ENDO II and ENDO III, and a 8-glucosidase . While 
enzymatic hydrolysis of cellulose proceeds most rapidly in the 
presence of all these enzymes, CBH I alone is able to degrade 
crystalline cellulose to glucose and cellobiose (7, 8, 9). 

Two groups have reported the molecular cloning of the T. reesei 
gene for CBH I and the complete sequence of this gene is known 
(10, 11). 

Yeast is an important industrial organism and is used for 
brewing, wine making, baking, ethanol production, single cell 
protein production and more recently for the production of 
pharmaceuticals such as interferon, growth hormone and Hepatitis 
B virus antigen. Yeast do not produce enzymes that degrade 
cellulose. The development of yeast strains able to hydrolyse 
cellulose would make possible improvements in existing processes 
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where cellulose or glucans are present in the raw material used. 
As important would be the possibility of developing new processes 
not currently possible. 

In filtration and clarification of beer high molecular weight * 
8-glucans originating from barley grain cause problems. In the 
brewing industry microbial 8-glucanases are used to remove these 
B-glucans. If the yeast used in the production of beer were 
able to produce endoglucanases , the filterability of beer would 
significantly be improved and the cost of filtering would 
decrease. By transferring individual fungal cellulase genes to 
yeast it is possible to produce yeast strains that produce only 
one cellulase enzyme. Such yeast strains would produce enzymes 
for use in, for example the pulp and paper industry. Cellulose 
used in paper making could be swelled by pretreating with one 
.cellulase enzyme, which would bring about swelling without 
excessive hydrolysis of cellulose. 

There -are two ways in which a foreign gene can be expressed in 
yeast. The simplest is to join the whole gene from the chromosome 
of the donor organism to a yeast vector and transform a yeast 
cell. If the yeast genetic system recognizes the appropriate 
sequences in the transferred gene the gene will be expressed. 
However, in practice this is rare and depends at least in part on 
the genetic distance between the donor organism and the yeast. 

For example, of the five genes from Aspergillus niger tested 
in Saccharomyces cerevisiae. only one of these was found to 
express (12). Therefore it cannot be assumed that heterologous 
genes will automatically be expressed in yeast. 

The second method of obtaining expression of genes in yeast is 
by connecting either the chromosomal gene or a cDNA copy of the * 
messenger RNA coding for the desired gene to a yeast promoter 
sequence. In this way, human eukaryote interferon (13), 
hepatitis B virus surface antigen (14), bovine rennin (15), 
and mouse a-amylase (16) have all been expressed in yeast. 
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These and other studies show that while expression of the cDNA 
or gene is always obtained , the amount and cellular location of 
the product is very difficult to predict in the absence of 
experimentation. Montenecourt (1) outlined a number of possible' 
cloning strategies for cloning celluiase genes from T * reesei 
but did not describe the methods to be used to achieve the goal. 

SUMMARY OF THE INVENTION 

In accordance with this invention described are yeast strains 
capable of producing cellulolytic enzymes, methods for construc- 
tion of these strains , recombinant DNA vectors needed in the 
construction of these strains / methods used in the .construction 
of these vectors, and cDNA copies of cellulolytic enzymes coding 
genes . 

Chromosomal genes coding for three different cellulases, CBH I, 
CBH II and ENDO II were isolated from a X phage gene libary of 
T. reesei by differential hybridisation. Fragments of these 
genes were used to isolate full length cDNAs from a f. reesei 
cDNA libary. 

cDNAs for the three cellulases CBH I, CBH II and ENDO II and the 
CBH I gene were transferred to suitable 2 \i yeast plasmids. When 
used to transform suitable yeast strains, they directed the 
expression and secretin of the respective celluiase enzyme. The 
cellulases produced by the yeast were shown to have similar 
activities to the native fungal enzyme. 

A cellulolytic yeast strain Saccharomyces cerevisiae VTT-RC-84001 
produced in accordance with the present invention has been 
deposited in the National Collection of Yeast Cultures, Norwich, 
United Kingdom, under the deposit number NCYC No. R 128 since 
April 6, 1984. 



• 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is described below in greater detail with „ 
reference to the accompanying drawings. 

Figure 1 shows the restriction map of T . reesei cellobiohydro- 
lase I (CBH I) chromosomal gene. The coding region is marked 
with thickened line. 

Figure 2 shows the restriction map of T. reesei cellobiohydro- 
lase II (CBH II) chromosomal gene. The coding region is marked 
with thickened line. 

Figure 3 shows the restriction map of T. reesei endoglucanase 
II (ENDO II) chromosomal gene. The coding region is marked with 
thickened line. 

Figure 4 shows the construction of plasmid YEpNP03 for expression 
of a chromosomal copy of CBH I gene from T. reesei in yeast. 

Figure 5 shows the cDNA sequence of the CBH II gene of T. reesei 
from plasmid pTT09. 

Figure 6 shows the cDNA sequence of the ENDO II gene of T. reesei 
from plasmid pTTll. The positions of introns found in chromoso- 
mal copy of -che gene are marked with arrow ( + ) . 

Figure 7 shows the construction of plasmid pMPll for expression 
of T. reesei CBH I in yeast. 

Figure 6 shows the construction of plasmid pMP29 for expression 
of T. reesei CBH II in yeast. 

Figure 9 shows the construction of plasmid pMP311 for expression ' 
of T. reesei ENDO II in yeast. 
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Figure 10 shews the enzyme activity of CBH I produced by the 
yeast strain VTT-RC -84001 . 

Detailed description 

The definitions used in this detailed description are as defined 
in the Giibert and Talmadge Patent (USA) 4,338,397. 

Materials 

Bacterial and fungal strains, plasmids, and phage . T. reesei 
strain VTT-D-80133, a mutant strain with improved production of 
cellulolytic enzymes derived from QM 9414 (17) after several 
successive mutation steps (18), was used for isolation of the 
genes from cellobiohydrolase I (CBH I), cellobiohydrolase II 
(CBH II) and endoglucanase II (ENDO II). 

Escherichia coli strains Q358 and Q359 and the phage X 1059, 
used in the construction of the T. reesei gene bank were 
provided by Dr. J. Karn (19). E. coli HB 101 was used as a host 
in 5 transformation with the plasmid pBR 322. E . coli JM 101 
and the phage M 13 mp 7 (20) and the plasmids pUC 8 and pUC 9 
(21), used in the dideoxy sequencing, were from the laboratory of 
F. Sanger. Yeast strains used were Saccharomyces cerevislae 
0L1 ( Mata leu 2-3 leu 2-112 his 3-11 his 3-15 ura 3-251 
ura 3-373 ) (22) and S. cerevisiae MT302-lc ( Mata arg 5-6 
leu 2-3 leu 2-112 ' his 3-11 his 3-15 pep 4-3 ade 1 ) 
(23). 

A 12 kb cosmid p3030 obtained from Barbara Rohn, which replicates 
both in E. coli and in yeast was used as vector for transferring 
the chromosomal copy of CBH I to yeast. Cosmid p3030 contains 
genes for ampicillin and tetracycline resistance in E. coli and 
the his3 gene for selection in yeast. The vector contains a 
cos site which enables it to be packaged into infective X phage 
particles in vitro and the yeast 2 y EcoD fragment. Yeast 
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expression vector containing the phosphogl/cerokinase (PGK) gene 
promoter was used for expression of the cDNA copies of cellulase 
genes in yeast (23). 

Enzymes . Restriction enzymes were purchased from Amersham (UK), 
Boehringer Mannheim (FDR) and Bethesda Research Laboratories 
(Gaithersburg, MD) and used according to the manufacturers* 
instructions. T4 ligase and the DNA polymerase I large subunit 
were from Biolabs and the calf intestine phosphatase from 
Boehringer Mannheim. Reverse transcriptase was from Dr. J.W. 
Beard (Life Sciences Inc., St. Petersburg, Fla.). Protoplasting 
enzyme, Zymolyase 60000 was obtained from Kirin Brewery Co., 
Japan. Klenow fragment of E. coli polymerase I was from 
Boehringer Mannheim. 

General growth media . E. coli HB101 was grown in L-broth. 
Transformants were selected on L-plates supplemented with 1.5 % 
agar and containing 100 ug/ml ampicillin. The concentration of 
tetracycline added to L-plates was 10 ug/ml. Complete medium 
YPG for growth of yeast contained 1 % yeast extract, 2 % peptone 
and 2 % glucose. Yeast minimal medium, YMB, contained 0.67 % 
ye^st nitrogen base (Difco, Detroit, USA) and 2 % sugar (lactose 
cellobiose, starch or glucose) . The final concentration of amino 
acids added was as described (24). The solidifying agent on 
yeast plates was 2 % agar (Difco Bacto Agar). In yeast proto- 
plast plating medium 1.2 M sorbitol was added as an osmotic 
stabilizer- The top agar used in plating the yeast protoplasts 
for regeneration was prepared as minimal medium but using 3 % 
purified agar (Difco) as a solidifying agent. 

All methods unless otherwise specified are as described in 
Maniatis et al. 1982 (25). 
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Isolation and characterization of the c ellulolytic genes from 
the fungus T., reesei 

Polyadenylated (polyA + ) messenger RNA isolated from T. reesei 
mycelia actively producing cellulases directs in the in vitro 
synthesis - in a rabbit reticulocyte lysate - of a number of 
large polypeptides that are precipitated by antibody prepared 
against purified cellulolytic enzymes. Messenger RNA isolated 
from repressed glucose grown mycelia does not direct the 
synthesis of these cellulase-specif ic polypeptides. This 
difference between induced and repressed populations was used 
to identify a collection of hybrid A phages containing T. reesei 
genes strongly expressed during production of cellulolytic 
enzymes . 

For the isolation of cellulase-specif ic , induced mRNAs T. reesei 
(strain VTT-D-80133) was grown as described by Bailey and Neva- 
lainen (26) except that the medium contained 2 % lactose and 
2 % of a soluble extract of distillers spent grain. Samples 
taken during cultivation were assayed for activity against dyed 
Avicel, hydroxyethylcellulose (HEC) and for soluble protein (26), 
Estimation of reducing sugars was by the method of Sumner. (27). 

Cellular RNA from mycelia was isolated by a modification of the 

method of Ohi and Short (28). The frozen mycelia was ground to 

a .fine powder under liquid nitrogen and suspended in a buffer 

containing 20 mM Tris-HCl (pH'7.6), 0.1 M NH 1 mM Mg (OAc)^, 

10 mM Na-iodoacetate, 0.5 mg/ml poly vinylsulf ate and 2 % 

o 

Na-dodecyl sulfate (SDS). Following incubation at 37 C for 

30 minutes, insoluble material was removed by centrif ugation at 

13000 g for 10 minutes. 

The poly (A) + fraction was purified by chromatography through an 
oligo(dT) cellulose column (Bethesda Research Laboratories (29) 
and in vitro translation was carried out with a rabbit reticu- 
locyte lysate using 35 S-methionine (Amersham International Ltd) 
(30). Immunoprecipitation was carried out according to Dobber- 
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stein (31) using antiserum prepared against purified CBH 1/ 
CBH II or ENDO II, or with the corresponding preiinmune serum. 

Table 1 shows the molecular weights of proteins precipitated by 
antiserum against specific cellulases analysed on 7.5-15 % SDS 
polyacrylamide gels (32). 

Table 1. 



Antiserum 


In 


vivo 


In vitro 


CBH I 


71 


000 


67 000 


CBH II 


63 


000 


48 000 


ENDO II 


62 


000 


53 000 



The construction of the T, reesei gene bank was carried out 
as follows • 

Conidia of Trichoderma reesei were. germinated in a liquid 

medium containing 1.5 % KH PO f 0.5% (NH ) SO , 0.06 % 

2 4 4 2 4 

MgSO -7H 0, 0.06 % CaCl , 0.15 % proteose peptone, 0.03 % urea, 

4 2 2 
2 % sucrose and minimal salts. Cultures were incubated with 
o 

shaking at 29 C for about 12 h. The isolation of nuclei was 

carried out using a slightly modified method of Hautala et al. 

(33). DNA was isolated from a crude nuclear pellet obtained by 

differential centrifugation of homogenized mycelium. The crude 

nuclear pellet was treated with SDS-amylase solution (100 mM 

EDTA pH 8.0, 140 mM NaCI, 1 % Nadecylsulf ate and 3.3 % ct-amylase 

o 

obtained from Merck, Darmstadt, FRG) for 1 h at 37 C. Proteinase 

K (final concentration 0.8 % w/v) was then added and incubation 

o 

was continued for 2 h at 37 C with gentle shaking. After 
incubation, cell debris was removed by centrifugation and DNA 
was precipitated from the supernatant with ethanol. The DNA was 
then purified by CsCl centrifugation. The chromosomal DNA from 
T. reesei was partially digested with Mbol and sized by sucrose 
density gradient centrifugation. Fifteen-20 kb fragments were 
ligated to Bam Ell-cleaved X 1050 DNA. In vitro packaging of the 
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recombinant molecules was carried out using packaging extracts 
prepared by the method of Hohn as described by Maniatis et al. 
(25). 

Recombinant phages were transferred from the agar to nitro- 
cellulose filters (Schleicher & Schiill, BA 85) as described by 
Benton and Davis (34). cDNAs made from induced mRNA (described 
earlier) and from mRNA isolated from fungus grown in the presence 
of glucose were used as probes. cDNA first strand synthesis was 
carried out by the procedure of Efstradiatis et al. (35) but 
using 10 uCi of 32 paATP per 50 ul reaction. The in situ plaque 
hybridization was carried out according to Maniatis et al. (25). 
Hybridization was detected by autoradiography of the filters on 

Kodak X-OMAT film. Positive plaques were picked into 1 ml of SM 

o 

(25) and a drop of chloroform and stored at -4 C. 

Hybrid phage hybridizing only to cDNA made with induced mRNA 
containing cellulase coding sequences were purified extensively 
and retested by hybridization to both probes. A number of 
different hybrid clones that hybridized strongly to the induced 
cellulase probe were identified and selected for further 
analysis - 

The hybrid phages containing genes induced when the fungus 
produces cellulases were first grouped according to their 
restriction enzyme patterns- Then the particular cellulase gene 
in each group was identified by hybrid selection of messenger 
RNA. 

DBM paper was obtained from Schleicher and Schiill (Keene, NH) 

and activated according to the maker's instructions. Binding 

of DNA to the activated paper and RNA hybridization and elution 

was carried out according to Maniatis et al. (25). RNA was 

translated with a rabbit reticulocyte lysate supplied by Amersham 

International Ltd. and the proteins produced were labeled with 
35 

S-methionine . The proteins were analysed by autoradiography 
on Kodak X-OMAT film after separation on a 7-15 % polyacrylamide 
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gradient denaturing gel. 

The size of the proteins obtained from particular phage by 
hybrid selection and their cross reaction with specific antiserum 
is shown in Table 2. 



Table 2. 


• 






Hybrid Phage No. 


44A 


W17A 


W12A 


Mol . weight of major protein 








produced from hybrid selected 








message 


67 000 


48 000 


53 000 


Cross reaction of major protein 








with antisera against 








CBH I 


+ 






CBH II 




+ 




ENDO II 






+ 



Single, and double digests of the clone 44A, were analyzed on 
0.6 % and 1.5 % agarose gels. The fragments were electrophoreti- 
cally transferred to Gene Screen membranes (New England Nuclear, 
MA) and hybridized to the induced cDNA probe as instructed by 
the manufacturer. 

This procedure permitted the construction of restriction enzyme 
maps of the three cellulose genes. These restrictions enzyme 
maps are shown in figures 1, 2 and 3. 

The nucleotide sequence of the CBH I, CBH II and ENDO II genes 
was generated by dideoxy sequencing (36) using restriction 
enzyme fragments or DNA fragments obtained by the "shotgun" 
procedure (37). 
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The construction of a yeast vector containing the CBH I chromo - 
somal gene 

The hybrid phage 44A (11) DNA containing the CBH I of Trichoderma 
reesei hypercellulolytic mutant strain VTT-D-80133, was digested 
with Pst I to give a mixture of fragments one of which being 
about 12 kb and containing the entire CBH I gene with its own 
regulatory sequences. The resulting DNA- fragments were ligated 
with the yeast cosmid p3030 digested partially with the same 
enzyme . 

The yeast strain OL1 was transformed to his* with the DNA- 
mixture described above. Transformation was carried out essen- 
tially as described by Gerbaud et al . (38). Transformed cells 
were plated on yeast minimal medium with leucin and uracil but 
lacking histidine.. 

The clones were further tested in situ plaque hybridization 
for the presence of the CBH I gene originated from T. reesei . 

The presence of an intact CBH I gene in yeast was ensured by 
isolating total DNA (39) from a transformant colony and digesting 
if'with restriction enzymes Bgl II and Hinc II. DNA was trans- 
ferred to nitrocellulose filter (40) from agarose gel and 
hybridized to a M13 probe (41) containing the 0.7 kb Eco RI frag- 
ment from CBH I gene. Figure 4 shows the construction of a hybrid 
plasmid containing the CBH I gene. 

Isolation of full length cDNAs coding for the enzymes CBH I , 
, CBH II and ENDO II 

A cDNA bank from T. reesei was made from induced mRNA isolated 
from cells as described earlier. However, after the frozen 
mycelia had been ground under liquid nitrogen it was suspended 
in 5 volumes a guanidinium isothiocyanate buffer as described 
by Maniatis et al . (25). The RNA preparation was then carried 
out as described (42). 
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cDNA first strand synthesis was carried out according to Maniatis 
(25) and the second strand was carried out according to Gubler 
and Hoffmann (43). The double stranded cDNA was then treated with 
T -polymerase to give blunt ends and small cDNAs less than 500 
nucleotides long removed by passage through a CL-4B column 
(Pharmacia). Long cDNAs were then ligated to a Sma I digested 
and phosphatase treated preparation of pUC 8 vector. The ligation, 
mixture was used to transform E* coli strain JM 105 and the 
cDNA bank was stored on nitrocellulose filters. 

Full length cDNAs coding for CBH I, CBH II and ENDO II were 
isolated from a cDNA bank using specific restriction fragments 
as probes. For the identification of CBH I, a radioactive Eco 
RI-Hind III fragment from the 5' end of the chromosomal gene was 
used to identify long cDNAs. A plasraid pTTOl from a clone 
containing sequences homologous to this Eco RI-Hind Til fragment 
was further characterized by sequencing of the cDNA ends by 
double stranded dideoxy sequencing- 1 ug of purified plasmid was 
denatured in 0.4 M NaOH at room temperature for 5 minutes at a 
concentration of 100 ng/yl. 5 ul of sequencing or reverse 
sequencing primer (Amersham) was added and the mixture was pre- 
cipitated with ethanol . After washing the pellet was resuspended 
in 10 yl at 14 mM Tris pH 8 - 7 mM MgCl^. Sequencing reactions 

were done according to general methods (36) except that tempera- 

o 

ture was kept at 37 C. CBH II cDNAs were isolated using a Pvu 
II fragment from the 5' end of the chromosomal gene and the 
plasmid pTT09 characterized as for the CBH I cDNA. ENDO II cDNAs 
were identified using a Kpn I-Sal I fragment from the 5' end of 
the gene and plasmid pTTll also characterized as for the CBH I 
cDNA. All cDNAs were then sequenced to determine that their 
sequence corresponded to that of the gene from which they are ' 
transcribed. The DNA sequences of CBH II and ENDO II cDNAs are 
shown in Figures 5 and 6. The cDNA sequence of CBH I was 
identical to that already described (10). 
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The construction of expression vectors containing cDNAs for the 
production of fungal cellulases in yeast 

The efficient yeast expression vector pMA 91 has been assembled 
using the regulatory sequences of the yeast phosphoglycerokinase 
(PGK) gene (23). The sequences coding for the amino acid sequence 
of the enzyme have been removed from the gene and replaced by a 
single Bgl II site. This deleted gene has then been inserted into 
a yeast/coli shuttle plasmid. 

a) CBH I expression vector (Figure 7) 

The CBH I cDNA was removed from plasmid (pTTOl Figure 7) by 
digestion with Hinc II and the cDNA fragment isolated from an 
agarose gel. 

pMA 91, the expression vector was cleaved with Bgl II and the 
ends were filled in with the Klenow fragment. The vector was 
treated with phosphatase, ligated to the cDNA and transformed 
into E. coli strain HB101 by selection for expression of the 
vector leucine gene (Figure 7). Plasmid DNA was isolated from a 
number of trans formants and those clones containing the cDNA 
insert in the correct orientation with respect to the PGK pro- 
motor - as identified by restriction enzyme analysis - were • 
retained. DNA from one of these clones (pMP 11) was then trans- 
formed into yeast strain MT 302-lc by the method described 
earlier by selection of the leucine marker of pMA 91 resulting 
in strain VTT-RC-84011 . 

b) CBH IT expression vector (Figure 8) 

CBH II cDNA was removed from plasmid pTT 09 using Eco RI and 
Bam HI. The ends of the DNA were filled in with Klenow fragment. 
The cDNA fragment was then isolated from an agarose gel and 
ligated to the vector pMA 91 prepared as for CBH I. 

The ligation mix was transferred into HB101 and clones containing 
the cDNA in the correct orientation identified. Figure 8 shows 
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the DNA sequence at the junctions between pMA 91 and the cDNA. 

Plasmid pMP 29 with the cDNA in the correct orientation was then 
used to transform yeast MT302-lc by selection for the leucine 
marker to give strain VTT-RC -84012. 

c) EN DO II expression vector (Figure 9) 

The ENDO II cDNA was tranf erred to pMA 91 exactly in the same 
way as CBH II cDNA. Figure 9 shows the DNA sequences at the 
junctions between pMA 91 and the ENDO II cDNA. The plasmid, 
pMP 311 containing the- ENDO II cDNA in the correct orientation 
was transferred to yeast as described earlier to give strain 
VTT-RC-84013 . 

Culturing the hybrid yeast strains to produce the cellulo lytic 
enzymes , CBH I, CBEi II and ENDO II 

Strain- VTT-RC-84001 containing YEpNP03 was grown in a yeast 
minimal medium with leucine and uracil for three days after which 
complete medium, (1/3 volume) was then added to allow the cells to 
pass through oae more division. 

Strains VTT-RC -84011 (CBH I cDNA)., VTT-RC-84012 (CBH II cDNA) and 
VTT-RC-84013 (ENDO II cDNA) were grown in a yeast minimal medium 
containing arginine, histidine and adenine for three days after 
which complete medium 1/3 volume was added to allow the ceells to 
pass through one more division. The final volume of the cultures 
was about 150 ml. 

Preparation of different fractions for analysis of the location 
of enzyme activity 

Three fractions were prepared from hybrid yeast cultures for 
analysis of enzyme activity- Fraction 1 comprised the growth 
medium without the cells. Fraction 2 comprises the supernatant 
left when protoplasts are pelleted and fraction 3 comprises the 
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supernatant of lysed protoplasts. 

After cultivation yeast cells were collected by centrifugation 
and the supernatant was saved (Fraction 1). The resulting pellet 
was washed twice with distilled water and 1.2 M sorbitol- The 
pellet was then resuspended in protoplasting buffer (1.2 M sor- 
bitol, 10 mM Tris and 10 mM CaCl, pH 7.6) and Zymolyase 60000 was 

added at a concentration of 30 ug/xul of protoplasting suspension. 

o 

Suspension was incubated in a waterbath at 37 C for 60 minutes 
with gentle shaking. The protoplasts so formed were pelleted and 
the resulting supernatant (periplasmic cell contents) (Fraction 
2) saved for enzyme activity determinations. In some cases 
fractions 1 and 2 were concentrated by ultrafiltration (Amicon) . 
Protoplast pellets were washed with cold 1.2 M sorbitol and 
resuspended in 1.2 ml of 5 mM citrate buffer pH 5.0, pelleted 
and the supernatant was saved (Fraction 3). 

• Measurement of cellulase enzyme activity produced by the hybrid 
yeasts 

1 CBH I activity from VTT-RC-84001 

The three different fractions were tested for CBH I enzyme 
activity using amorphous ball milled cellulose which is attached 
only by cellobiohydrolases (44). The total protein concentration 
of the samples was about 300 yg/ml. Hydrolysis of the substrate 
caused by active cellobiohydrolase enzyme was measured by 
following the change in absorbance at 620 nm. CBH I type activity 
was found only in fraction 2, the periplasmic or intramural 
space • 

Figure 10 shows the activity of the CBH I enzyme produced by the 
yeast strain VTT-RC-84001 and secreted into the intramural space 
as compared to the control yeast containing only vector p3030 
DNA and 1 yg of Trichoderma CBH I. This Figure shows that the 
hybrid yeast strain produces active CBH I which appears to be 
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o 

at least as resistant to incubation at 50 C for 3 days as in 
the native enzyme. The CBH I produced by the yeast represents 
1-2 % of the protein of intramural space protein. 

As the intron sequences of fungus are different from those of 
yeast it is not likely that yeast would process off the fungus 
gene introns. Probably for that reason the product of the 
chromosomal gene remains in the yeast periplasmic space and is 
not secreted from the cell as is the product coded by the cDNA 
sequence. This result suggests that transferring the chromosomal 
gene coding for CBH I to yeast, results in the production of a 
smaller protein, which, however, has the same type of activity 
as the full length cellulase. 

2 CBH I activity from VTT-RC-S4011 

The three different fractions were tested for CBH 1 enzyme 
activity as* just described. Hpwever, in this case, most of the 
CBH I type activity was found in the growth medium. The results, 
with a final protein concentration during hydrolysis of 5 yg/ml 
is very similar to that shown in Figure 10. The CBH I enzyme 
produced with this construction represented 1-5 % of total cell 
protein. 

3 CBH II activity from VTT-RC-84012 

The three different fractions .were tested from cellobiohydrolase 
activity as described for strain VTT-RC-84001 . As with strain 
VTT-RC-84011, most of the cellobiohydrolase type activity was 
found in the growth medium. The results with a final protein 
concentration of 10 ug/ml is similar to that shown in Figure 10. 
The CBH II enzyme produced with this construction represented 
1-5 % of total cell protein. 
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4 ENDO II activity from VTT-RC-84013 

The three different fractions were tested for endoglucanase ^ 
activity by following the hydrolysis of 0.1 % B-glucan at 50 C. 

The reducing sugars liberated in 5 minutes (overnight) were 
measured as glucose using the dinitro salisylic acid method (45) 
Most, of the ENDO II activity was found secreted into the growth 
medium. The ENDO II enzyme produced with this construction 
represented 1-5 % of total cell protein. 

It is considered that the invention and many of its attendant 
advantages will be understood from the foregoing description 
and that it will be apparent that various changes may be made 
in the steps of the described method for mature protein 
synthesis without departing from the spirit and scope of the 
invention or sacrificing all of its material advantages, the 
method herein before described being merely a preferred embodi- 
ment . • 
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WHAT IS CLAIMED IS : 

1. A DNA sequence which codes for a fungal cellulase enzyme, 
or its single or multiple base substitutions, deletions, inser 
tions, or inversions, which is derived from natural, synthetic 
or semi- synthetic sources and which is capable, when correctly 
combined with an expression vector, of expressing a non-native 
protein having cellulolytic activity upon transformation of a 
host organism by the vector, said DNA sequence coding for 
substantially the following amino acid sequence: 

KetlleValGlylleLeuTh^ 

TrpGlyGlnCysGlyGlyGlnAsnT^^ 

Cy sLeuProGlyAl aAl aSerSerSerSei-Ser^ 

AlaThrProProPreGlySerThrThrThrArgVa^ 

ThrProTrpAl aAsnAl aTyrTyrAl aSerGI^ 

YalAlalysValProSerfheMetTrpLeuAsoTh^ 

LysAsnGlyGlyAsnTyrAlaGlyGlnPheValValTyrAspLeuProAspArgAspCysAlaAlaLeuAlaSerAsnGlyGluTyrSer 
neAlaAspGlyGlyValAlaLysTyrLysAsnTyrlleAspThrlleArgGlnlleValValGl^rSerAspIleArgThrteuLeu 

YallleGluProAspSei^euAlaAsnLeuVam 

AsnTyrAlaValThrGlnLeuAsnLeuProAsnVa.lAlaMetTyrLeuAspAlaGlyHi sAlaGlyTrpLeuGlyTrpProAl aAsnGIn 
AspProAlaAlaGlnUuPheAlaAsnValTyrlysAs^ 

AsnGlyTrpAsnneThrterProProSerTyrThrGlnGlyAsnAlaValTypAsnGluLysLeuTyrlleHisAlalleGlyProLeu 

LeuAlaAsnHlsGlyTrpSerAsnAlaPhePhelleThrAspGlnGlyAr^^ 

TrpCy sAsnVall 1 eGlyThrGlyPfteGly II eArgP 

GlyGlyGluCysAspG1yThrSerA$pSerSerA1aProArgPheAspSerH1sCysAlaLeuProAspAlaleuGlnProAlaProG1n 
Al aGlyAl aTrpPheGI nAl aTyrPheValGI nleuLeuThrAsnAl aAsnProSerPheleu 



or a portion thereof. 
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2. A DMA sequence according to Claim 1 which codes for the 
cellobiohydrolase II activity and has substantially the follow- 
ing nucleotide sequence: 

CTTfiTAAGATCACCCTCTGTGTATTGCACC 

ATGATTGTCGGCATTCTCACCACGCTSGCTACGCTGGCCACACTCGCAGCTAGTG 

TGGGGCCAATGTGGTGGCCAGAATTGGTCGGGTCCGAOT 

TGTCTTCCCGGCGCTGCAAGCTCAAGCTCGTCCACGCGCGCCGCGTCG 

GCGACGCCTCCACCTGGTTCTACTACTACCAGAGTACCTCCAGTCGGATCGGGM^ 

actccngggccaatgcatattacgcctctgaagttagcagcctcgctatc 

gtcgcaaaggttccctcttttatgtggctagatactcttgacaagacccctctcatggagcaaac 

mgaatggcggtaactatgccggacagtttgtggtgtatgacttgccggatcgcgact 

angccgatggtggcgtcgccaaatataagaactatatcgacaccattcgtcaaakgtcgtc 

gttamagcctgactctcttgccaacctggtgaccaacctcggtactccaaagtgtgccaatot 

aactacgccgtcacacagctSwccttccaaatgttgcgatgtatttggacgctggccatgcag^ 

gacccggccgctcagctatttgcamtgtttacaagaatgcatcgt^ 

aacgggtggaacattaccagccccccatcgtacacgcaaggcaacgctgtcta& 

cttgccaatcacggctggtccaacgccttcttcatcactw 

tggtgcaatgtgatcggcaccggatttggtattcgcccatccgcaaacactggggactcgttgctggattcgt^ 

ggcggcgagtgtgacggcaccagcgacagcagtgcgccacgatttgactcccactgtgcgctcccagatkcttgcaack 
gctggtcrttgghccaagcctacmgtgcaanctcacaaacgcamcccatcgto 

aatgatgtgcgatggtgtggttcccggttcgcggagtctttgtctacttt6gttgtctgtcgcaggtcggta 

gatggattgttgccagcgatactataattcagatggatggtctttgtcgatcagtaggctagagagagagaga^^ 
gtg6agtgtctatt 

or a portion thereof. 

3. A DNA sequence according to Claim 1 wherein the DNA is 
cDNA copy of mRNA coding for cellobiohydrolase II in Tricho- 
derma reesei . 

4. A signal sequence responsible of the secretion of a 
proteinaceous material extracellularly, said signal sequence 
having substantially the following amino acid sequence: 

Hetl 1 eValGly 1 1 eLeuThrThrLeuAl aTh rLeuAl aThrLeuAl aAl aSerVal ProLeuGl uGl uArg 
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5. A DNA sequence which codes for a fungal cellulase enzyme, 
or its single or multiple base substitutions, deletions, inser- 
tions, or inversions, which is derived from natural, synthetic 
or semi-synthetic sources and which is . capable, when correctly 
combined with an expression vector, of expressing a non-native 
protein having cellulolytic activity upon transformation of a 
host organism by the vector, said DNA sequence coding for 
substantially the following amino acid sequence:. 



MetAl«ProSerYa1ThiteuPraleu^ 

GluValHisProLysLeuThrThrTyrtysCysTh^ 

ArgTrpMetHlsAspAlaASilTyrAs!^ 

AsnCysPhelleGlnGlyYalAspTyrAlaAlaSerGlyValThrThrSerf^ 

SerGlyGlyTyrSerterYalSerfroArgleuTy^ 

SerPheAspValAspLeuSerAlaLeuProCysGlyGlu^ 

TyrAsnThrAlaGlyAlaAsnTyrGlySertlyTyrtysAspA^ 
HtsGlnGlyGlnGlyPheCysCysAsnGluMe^^ 

ThrAlaCysAspSerAlaGlyCysGlyPheAsnProTyrGlySerGlyTyrtysSerTypTyrGlyProGlyAspThrValAspThrSer 

LysThrPheThrnelleThrtlnPheAsnThrAspAsn^^^ 

ValAspIleProSerAlaGlnPniGljGlyASD 
AlaLeuSertertlyMetYalLeuValPheSerH^ 

CysSerSepThrGluGlyAsnProSerAsnlleLeuAlaAsnAsnProAsnThrHlsValValPheSerAsnlleArgTrpGlyAspIle 

GltferThrThrAsriSerThr S erSerThrThrSerSerSerProSertysThrGrnThrH1sTrpG1>GlnCys 

GlyGlyUaGlyTyrSertlyCystysThrCyiThrf^ 



or a portion thereof. 



WO 85/04672 




PCT/FI85/00039 



26 



6 f A DNA sequence according to Claim 5, which codes for the 
endoglucanase II activity and has substantially the following 
nucleotide sequence: 

CCCCCCTATCTTAGTCCTTCTTGTTGTCCCAAA 

ATGGCGCCCTCAGTTACACTGCCGTTGACGACGKCATCCTO 
GAGGTCCATCCCAAGTTGACAACCTACAAGtGTACAAAGTCCGGG 

CGCTGGATGCACGACGCAAACTACAACTCGTGCACCGTCACCGGCGGCGTCMCACCACGCTCTGCCCTGACGAGGCGA^ 
AACTGCTTCATCCAGGGCGTCG^TACGCCGCCTCGGGCGTCACGACCTCGGGCAGCAGCCTCACCATGAACCAGTACAT 

TCTGGCGGCTACAGCAGCGTCTCTCCTCGGCTGTATCTCCTGGACTCTGACGG7GAGTACGTGATK 
AGCTTCGAtfGTCGACtTCTCTGCTCTGCCGTC 

TATAACACGGCCGGTGCCAACTACGGGAGCGGCTACTGCGATGCTCAGT&CCCGTCC^ 
CACCAGGGCCAGGGCTTCTGCTGCAACGAGATGGATATCCTGGAGGGCAACTCGAGGGCGAATGCCTTGACC 

ACGGCCTGCGACTCTGCCGGTTGCGGCTTCAACCCCTATGGCAGCGGCTACAAAAGCT^ 
AACACCTTCACCATCATCACCCAGTTCAACACGGACAACGGCTCGCCCTCGGGCAACCTTGTGAGCA 

GCCCTGAGCAGCGGCATGGTGCTCGTGTTCAGCATTTGGAACGACAACAGCCAGTACATGAACTG6CTCGACA 
TGCAG&GCACCGAGGGCAACCCATCCMCATCCTGGCCMCAACCCCMCACGCACGTCGTCTTCTCCAACATCC^ 

GGGTC TACT ACGAACTCG ACT . . . .x x. .'GAGCTSGACGACTTCGAGCAGCCCGAGCTGCACGCAGACTCACTGGGGGCAGTGC 

GGTGGCATTGGGTACAGCGGGTGCAAGACGTGCACGTCGGGCACTACGTGCCAGTATAGCAACGACTACT^ 
GTTGACTTGCCTCTGGTCTGTCCAGACGGGGGCACGATAGAATGCGGGGACGCAGGG^ 

TGCTATGTTGTATCTACATTAGCAAATGACAAACAAATGAAAAAGAACTTATCAAGC 

or a portion thereof. 

7. A DNA sequence according to Claim 5, wherein the DNA is 
cDNA copy of mRNA coding for endoglucanase II in Trichoderma 
reesei. 

8. A signal sequence responsible of the secretion of a 
proteinaceous material extracellularly, said signal sequence 
having substantially the following amino acid sequence: 



MetAl aProSerYaUhrLeuProLeuThrThrAl all eLeuAl all eAl aArgleuVal Al aAl aGl n 
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9. A recombinant DNA vector comprising a DNA sequence accord- 
ing to any of Claims 1-3 or any of Claims 5-7 or a signal 
sequence according to Claim 4 or 8, said vector being able to 
replicate and express in a suitable host organism. 

10. A recombinant DNA vector according to Claim 9 wherein the 
DNA sequence of Claims 1-3 is ligated to plasmid pMA 91. 

11. A recombinant DNA vector according to Claim 10 said vector 
being pMP 29. 

12. A recombinant DNA vector according to Claim 9 wherein the 
DNA sequence of Claims 5-7 is ligated to plasmid pMA 91. 

13. A recombinant DNA vector according to Claim 12 said vector 
being pMP 311. 

14. A recombinant DNA vector according to any. of Claims 9-13, 
which is able to replicate and express in yeast. 

15. A recombinant DNA vector according to any of Claims 9-14, 
which is able to replicate and express in genus Sac char omyces . 

16* A recombinant DNA vector comprising the following combina- 
tion: 

chromosomal gene isolated from Trichoderma reesei coding for 
cellobiohydrolase I ligated to plasmid p3030, or cDNA copy of 
mRNA isolated from T. reesei coding for cellobiohydrolase I 
ligated to plasmid pMA 91, said vector being able to replicate 
and express in yeast. 

17. A recombinant DNA vector according to Claim 16, wherein 
the chromosomal gene coding for cellobiohydrolase I is ligated 
to the restriction enzyme cleavage site of partially digested 
Pst I of plasmid p3030 and wherein the vector is YEpNP03. 
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18. A recombinant. DNA vector according to Claim 16 , wherein 
the cDNA sequence coding for cellobiohydrolase I is ligated to 
the restriction enzyme cleavage site of Bgl II of plasmid pMA 91 
and is under the control of the regulatory regions of phospho- 
glycerokinase gene, and wherein the vector is pMP 11- 

19. A recombinant DNA vector according to Claim 16, said vector 
being able to replicate and express in genus Saccharomyces . 

20. A yeast strain containing one or several of the following 
DNA sequences: 

a DNA sequence according to any of Claims 1-3 or a DNA sequence 
according to any of Claims 5-7 or a signal sequence according to 
Claim 4 or 8 or a chromosomal gene or cDNA sequence coding for 
cellobiohydrolase I. 

21. A yeast strain according to Claim 20, which comprises a 
recombinant DNA vector containing the DNA sequence according to 
any of Claims 1-3. 

22. A yeast strain according to Claim 21, wherein the DNA 
sequence of Claims 1-3 is ligated to plasmid pMA 91 and said 
recombinant DNA vector being pMP 29. 

23. A yeast strain according to Claim 20, which comprises a 
recombinant DNA vector containing the DNA sequence according to 
any of Claims 5-7* 

24. A yeast strain according to Claim 23, wherein the DNA 
sequence of Claims 5-7 is ligated to plasmid pMA 91 and said 
recombinant DNA vector being pMP 311 . 

25. A yeast strain according to Claim 20, which contains the 
recombinant DNA vector YEpNP03, wherein the chromosomal gene 
isolated from t. reesei and coding for cellobiohydrolase I is 
ligated to plasmid p3030. 
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26. A yeast strain according to Claim 20, which contains the 
recombinant DNA vector pMP 11, wherein the cDNA sequence isolated 
from T. reesei and coding for cellobiohydrolase I is ligated 

to plasmid pMA 91. 

27. A yeast strain according to any of Claims 20-26, said yeast 
strain being a member of genus Saccharomyces . 

28. A yeast strain according to any of Claims 20-27, said yeast 
strain comprising: 

S. cerevisiae VTT-RC-84001 (NCYC R 128) 



s. 


cerevisiae 


VTT' 


-RC- 


-84011 


s. 


cerevisiae 


VTT- 


-RC- 


-84012 


s. 


cerevisiae 


VTT- 


-RC- 


-84013. 



29. A method for constructing a recombinant DNA vector according 
to Claim 9 or 16, said method comprising ligating a DNA sequence 
according to any of Claims 1-3 or 5-7 or a signal sequence 
according to Claim 4 or 8 to a plasmid able to replicate and 
express in yeast or ligating a chromosomal gene coding for 
cellobiohydrolase I to plasmid p3030 or a cDNA sequence coding 
for cellobiohydrolase I to plasmid pMA 91. 

<*■ 

30. A method for constructing a yeast strain according to 
Claim 20, said method comprising transforming a yeast strain 

by one or several of the recombinant DNA vectors of Claims 9-19. 
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EcoOI CBHJI COHA 
ACCATGATTACGAATTCCC.CTTGTAAGATCACCCTCTGTGTATTGCACC 

Acc I 

Acc I Sac I 

SESBSBSSKSEBKS^ " 

ATTGCCGATGGTGGCGTCGCCAAATATAAGAACTATATCGACACCAnCGTCAAATT^^ 

GTTATTGAGCCTGACrCTCTTGCCAACCTGGTGACCAACCTCGGTACTCCAAAGTGTGCCAATGCT^ 
P vu 1 1 

Sac I 

GACCCGGCCGGTCAGCTATTTGCAAATGTTTACAAGAATGCATCGTCTCCGAGA&^ 
XpPraAlaAlaGlnLeuPheAlaAsnVal^ 

ACC I 

MCGGGTGGAACATTACCAGCCCCCCATCGTACACGCAAGGCMCGCTG^ 
AsnGlyTrpAsnlleThrSerProPrtferTyrThrGInG^^^ 

**" Pvu I 

CTTGGCAATCACGGCTGGTCCAACGCCTTCTTCATCACTGATCAAGGT'CGAT^GGAAAGCAGCCTACK 
Le^aAsnHI^TrpSerAsnAl aPhePhel TeThrAspGl nGlyArgSerflyLysGl nProThrtlyGl nGl nGl nTrpGlyAsp 

TGGTGCAATGTGATCGGCACCGGATTTGGTATTCGCCCATCCGCAAACACTGGGGACTCGTTGCTGGATC 

GGCGGCGAGTGTGACGGCACCAGCGACAGCAGTGCGCCACGATTTGACTCCCACTGTGCGCTCCCAGATGCCTTGCM 

Gi$lS^ 450 

STOP 

GCTGGTGCTTGGTTCCAAGCCTACTTTGTGCAGCTTCTCACAAACGCAAACCCATCGTTCCTGTAAGGCTrTCGTGACCG 
AlaGlyAlaTrpPheGlnAlaTyrPheValGlnleuLeuThrAsnAlaAsnProSerPheLeu **» 

Acc I _ 
MTGATGTGCGATGGTGTGGnCCCGGTTCGCGGAGTCTTT^TCT^TTTGGTTGTCTGTCGCAGG 

GATGGATTGnGCCAGCGATACTATAATTCACATGGATGGTCTTTGTCGATCAGTAGGCTAGAGAGAGAGAGAG 



240 
270 



330 
360 
390 
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pUC8 I "* 
* 1 CCCCCCTATCTTAGTCCTTCTTGTTGTCCCAAA 



-£N00 II signal sequence , Kpn I 



ATGGCGCCCTCAGTTACACTGCCGTTGACCACGGCCATCCTGGCNATTGCCCGGCTCGTCGCCGCCCAGCAACCGGGTACCAGCACCCC^ 
MetAl aProSerValThrLetiProLeuThrThrAlall eleuAl all eAI aArgLeuValAlaAl aGI nGI nProGlyThrSerThrPro 

GA6GTCCATCCCAAGTTGACAACCTACAAGTGTACAAAGTCCGGGGGGTGCGTGGCCCAGGACACCTCGGTGGTCCTTGAC 
GluValHfsProLysLeuThrThrTyrlys^ 6 ° 

CGCTGGATGCACGACGCAAACTACAACTCGTGCACCGTCACCGGCGGCGTCAACACCACGCTCTGCCCTGACGAGGCGACC^ 
ArgTrpMetHfsAspAlaAsnTyrAsnSerfysThmiAsnGlyG^ su 

Sal I 

AACTGCTTCATCCAGGGCGTCGACTACGCCGCCTCGGGCGTCACGACCTCGGGCAGCAGCCTCAGCATGAACCAGTACATGCCCAGCAGC 
AsnCysPhelleGlnGlyValAspTyrAl aAlaSertlyValThrThrSerGlySerSerLeuThrttetAsnGlnTyrt^etProSerSer 



120 



TCTGGCGGCTACAGCAGCGTCTCTCCTCGGCTGTATCTCCTGGACTCTGACGGTGAGTACGTGATGCTGM 

SerGlyGlyTyrSerterYalSerPHJArgLeuTyi*^ 150 
Sal I 

AGCnCGACETCG^TCTCTGCTCTGCCGTGTGG^ 

SerPheAspValAspLeuSerAlaLeuProCysGlyGluA^^ lttU 

TATAACACGGCCGGTGCCAACTACGGGAGCGGCTACTGCGATGCTCAGTGCCCCGTCCAGACATGGAGGAACGGCACCCT 
TyrAsnThrAlaGlyAlaAsnTyrGlySerGlyTyrCysAspAlaGIn^ 210 

Xho I 

CACCAGGGCCAGGGCTTCTGCTGCAACGAGATGGATATCCTGGAGGGCAACTCGAGGGCGAATGCCTTGACCCCTC^ 
HisGlnGlyGlnGlyPheCysCysAsnGluMetAspIlel^ 240 

ACGGCCTGCGACTCTGCCGGnGCGGCTTCAACCCCTATGGCAGCGGCTACAAAAGCTACTACGGCCCCGGAGATACCG 
ThrAlaCysAspSertlaGlyCysGlyPheAsnProTyrtilySer^ 270 

AACACCTTCACCATCATCACCCAGTTCAACACGGACMCGGCTCGCtt 

ty sThrPheThrl 1 el 1 eThrGl nPheAsnThrAspAsriGlySerP roSerGlyAsnLeuVal Serl 7 eThrArgLy sTy rGI n 3 00 

Sal I 

PC^TCCCCAGCGCCCAGCCCGGCGGCGAWCCATCTCGTCCTGCCCGTCCGCCTCAGCCTACG^GGCCTCG 

ValAspIleProSerAlaGlnProGlyGlyAspThrlleS^^ 330 
GCCCTGAI^AGCGGCATGGTGCTCGTGnCAGCAm 

AlaleuSertertlyMetValleuValPheSerneT^ 360 
Pst I 

TGCAGCAGCACCGAGGGCMCCCATCCAACATCCTGGCCMCAACCCCMCACGCACGTCGTCTTCTCCM 

CysSerterThrGluGlyAsnProSerAsnlleLeuAlaAs^^ 390 

Sac I 

GGGTCTACTACGAACTCGACT« . . . X x. .GAGCTCGACGACTTCGAGCAGCCCGAGCTGCACGCAGACTCACTGGGGGCAGTGC 

GlySerThrThrAsnSerThr. SerSerThrThrSerSerSerProSerCysThrGlnThrHlsTrpGlyGlnCys 420 

1 STOP 

GGTGGCATTGGGTACAGCGGGTGCAAGACGTGCACGTCGGGCACTACGTGCCAGTATAGCMCGACTACTACTCGCAATGCCTTTAGAGC 
GlyGlylleGlyTyrSertlyCysLysThrCysThrSerGlyThrThrCysGlnTyrSerAsnAspTyrTyrterGIn 450 

Sac I 

GTTGACTTGCCTCTGGTCTGTCCAGACGGGGGCACGATAGAATGCGGGCACGCAGGGAGCTCGTA6ACAH 

POLY A I pUC 8 

TGCTATGTTGTATCTACATTAGCAAATGACAAACAAATGAAAA AGAACTTATCAAGC ( A ) 2 5 1 ■ > 



Fig. 6 
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